Hydrological drought index analysis has been widely developed and applied for the development of water resources. The island of Lombok, which is largely a dry land, requires a significant hydrological drought index to be sourced from measurable data analysis. This research focused aims to obtain hydrological drought index in Lombok Island using the capacity change of reservoir. The analysis includes reservoir data especially in the event of El-Nino. The main parameters analysed in this work are data homogeneity, decrease line of reservoir volume, increase in the line of reservoir volume, reservoir volume deficit, and hydrological drought index (RDI). The basic equation uses the water balance in the reservoir, which is the inflow-outflow and change of reservoir. The results of the analysis show that in the event of El-Nino, the drought hydrological index indicates different levels depending upon the water level of the reservoir. The criteria for the drought level are as follows: weak RDI = from −0.46 to −0.01 at an reservoir elevation of 90.88 to 92.33 m a.s.l, moderate RDI: from −0.59 to −0.46 at water level of reservoir from 90.27 to 90.88 m a.s.l, sever RDI: from −0.80 to −0.59 at water level of reservoir from 88.83 to 90.27 m a.s.l. and very severe RDI: from −0.89 to −0.80 at water level of water reservoir 87.78-88.83 m a.s.l. The duration of drought was 9 months, i.e., from February to November.
INTRODUCTION
Drought occurs almost all over the world, affecting all sectors of life, agriculture, health, social, and economic and industrial sectors. A drought is an event where there has been an extreme decline in the number of water sources [PANAGIOTIS et al. 2012] . A decrease in water quantity may result due to a decrease in the river flow, reservoir and lake volume, groundwater level, and soil moisture. It is a natural phenomenon associated with dry periods of long-term water supply deficits [TALLAKSEN, VAN LANEN 2004] . It is a natural disaster caused by the expected decrease in the precipitation, which is not sufficient for human and environmental needs [TABARI et al. 2013] . The occurrence of drought may be more often due to the below normal quantity of precipitation [PETER et al. 2006] . Low flow is caused by the lack of water in one or more components of the hydrological cycle. This happens when the water available from a system is insufficient to supply to at least one of the biological, economic, and social water requirements for a long period of time [TSAKIRIS et al. 2007 ]. Low flow is determined by an annual flow cycle, which is based on the regional climates and occurs in all seasonal zones that are predominantly affected by human (anthropogenic) factors [LOON, LANEN 2012] .
The types of drought vary depending on the factors that affect the cycle of water availability, such as climatological, agricultural, hydrological, and socioeconomic [FLEIG 2004; TALLAKSEN, LANEN 2004; YOUNG 2010] . Among these droughts, the hydrological drought component is very significant because it is used for analysing the fulfilment of water needs of industries, domestic water demand, and water required for the generation of hydroelectric power [VA-SILIADES et al. 2013] . Hydrologic droughts have a very wide impact on the availability of surface water, degradation of water quality, the limited supply of irrigation water, and affecting social activities of the community during drought [MISHRA, SINGH 2010] .
Various methods have been proposed to analyse the characteristics of the hydrological drought index. YEVJEVICH [1967] proposed the statistic-based run method for analysing drought. While SHAFER and DEZMAN [1983] analysed drought with the surface water availability index (SWSI) in the form of snow, rain, river flow, and reservoir water. The severity of the drought is defined as the ratio between flow volume deficit and volume of normal flow conditions or the ratio of maximum deficit duration to normal flow duration conditions [PANDEY et al. 2008] . DENGHUA et al. [2013] modified the Palmer drought severity index based on a water-based hydrological distribution simulation. The parameter of water balance used is the water contained in the surface layer of soil in the form of moisture/humidity of the soil with water that is measured.
Analysing hydrological drought index based on an elevation in the surface water level has been used in various countries in the form of simple investigation using various methods, such as percentage of storage capacity, standardized reservoir index, and reservoir deficiency index. The common hydrological indicators used in the drought index analysis are reservoir volume, water flow, and groundwater availability [PALMER 1965] . CALVER [2011] stated the management of drought in the UK is using the status of water conditions in rivers, reservoirs, lakes, groundwater, and soil moisture. The drought index is presented on the map of drought status however, it cannot describe the duration of drought. YAN et al. [2013] modified the Palmer drought index by simulating the hydrological distribution using the water balance between the availability of water in the soil layer and flow. The results of the water balance were further used to modify the Palmer drought index. The amount of deficit value is a deviation in water shortage with threshold and duration is the entire duration of water shortage. The magnitude of drought index values is obtained based on water shortages versus wide watersheds. WAMBUA et al. [2015] proposed a hydrological drought index using a modified Gumbel method stream in upstream of Tana watershed. LIU et al. [2016] predicted drought in North-West China using standard flow indices, and HARO et al. [2014] analysed the annual drought risk assessment in the reservoir regulation system applied to the river system. ZHANG et al. [2014] conducted hydrological drought analysis based on the regulation of two reservoirs in the upper valley of the Chinese Huahie River. The analysis was performed using correlation analysis and comparison of stream flow drought index (SDI).
This study aims to develop a hydrological drought index at the time of El-Nino phenomenon by utilizing a decrease in the capacity of the reservoir. The development of this model will obtain actual conditions of drought in each period because it is sourced from the quantity of measured water in the reservoir. Thus, while predicting the drought, the region will be easily carried out on the basis of the decrease in the water level of the reservoir for each period. Drought index is needed in planning and management of water resources as an effort to anticipate drought and can be used to predict the availability of irrigation water requirements [KHEZAZNA et al. 2017; ŁABĘDZKI, BĄK 2017] .
MATERIAL AND METHODS

STUDY AREA
This research was conducted in Batujai dam located in Central Lombok Regency West Nusa Tenggara Province, Indonesia located at 116°15'29" E and 8°44'8" S. Lombok is one of the islands in Eastern Indonesia (Fig. 1 ), which is a dry land area with very low rainfall intensity. Every year, there is drought due to which the available water source becomes dry. Batujai Reservoir is built on Penujak River, which flows from the slopes of Kundo and meets into the Lombok Strait with a river length of 54 km and a catchment area of 169 km 2 . Penujak River has a large difference in river flow between dry and wet seasons. In the rainy season, the average monthly discharge can reach tens of cubic meters per second, whereas in the dry season the average monthly discharge can reach 0.1 m 3 ꞏs −1 or even less. The gross reservoir capacity 25.05•10 6 m 3 , effective capacity reaches 23.502•10 6 m 3 , and minimum capacity reaches 1.4•10 6 m 3 . The data used for the analysis are reservoir daily water level (H), daily change storage (Δs), daily inflow (I), and daily outflow (O). Data based on the changes in storage, inflow, and outflow were obtained from daily measurements. All these data are real-time that were measured every day from 1982 to 2016. 
IDENTIFICATION OF EL-NINO OCCURRENCE
Based on oceanic Nino index (ONI), the phenomenon of El-Nino and La-Nina has been started since 1950 until 2017. It was identified that four types of El-Nino intensity were existed, which include weak, moderate, strong, and very strong. The El-Nino type index is based on the mean sea surface temperature (SST) [NOAA 2017] . The data used in the hydrological drought index analysis in the Batujai dam is data on the occurrence of El-Nino, as shown in Table 1 . 1994-1995 1991-1992 1972-1973 1982-1983 2004-2005 2002-2003 1997-1998 2006-2007 2009-2010 2015-2016 Source: NOAA [2017] .
TESTING THE HOMOGENEITY OF DATA
Homogeneity tests are intended to provide confidence that the set of data used in the analysis comes from a population that has uniformity. The homogeneity of data was tested using F-test. The testing process and formula used for testing the homogeneity of the data group variance are as follows:
Where: F = F-test, n = period of data record (years), X = variable X, Y = variable Y, S x = variable of variance X, and S y = variable of variance Y.
THE DECREASING LINE OF RESERVOIR CAPACITY
During El-Nino, there was a change in the water cycle in the reservoir. At that time, the inflow component was smaller than the outflow component. The outflow component includes water coming out to supply the increasing need for irrigation water, evaporation, and seepage. The decrease in the water volume of the reservoir does not occur suddenly but gradually and is reflected by the line of the volume decreasing. This recession may attain the maximum drop limit that reaches the dead storage depending on the length of the El-Nino period. The decrease in reservoir volume at the time of El-Nino is formulated into the exponential equation of the relation between the time and volume of the reservoir. 
INCREASE LINE IN RESERVOIR CAPACITY
The increase in the line showing the reservoir capacity indicates that the El-Nino phenomenon ends and the process of recharging the reservoir begins to occur. The recharge process is influenced by the river inflow and precipitation. The increasing line shape source: own elaboration may help to improve the reservoir outflow regulation process at the end of the El-Nino event. Additionally, it will be able to predict the recharge time of the effective volume.
THRESHOLD LINE
The threshold value was used to identify the drought characteristics. In this research, a constant threshold was in the analysis. The threshold level was set and used to determine: -threshold (Xo), which is the limit value determined based on analytical requirements [FLEIG et al. 2006] ; -in this model, the threshold uses an effective volume reservoir. The dashed line in Figure 4 shows the specified threshold volume. Furthermore, throughout the recording period, the volume of the existing reservoir is statistically identified as the value of the discharge that falls below the threshold. The recording period in which the reservoir volume is below the threshold is called a water deficit that has the potential to produce drought. The daily reservoir volume, which is below the threshold, is expressed as a discharge deficit condition. 
DURATION AND DEFICIT OF DROUGHT
Drought characteristics are needed to identify the hydrological drought in a region by determining the time of the initial and end drought, drought duration, drought deficit volume (V d ), and minimum volume (V min ) during the occurrence of hydrological drought [FLEIG 2004; HISDAL et al. 2004] . The duration and volume of the hydrological drought deficit are determined by identifying the volume of daily reservoirs that are below the threshold. When the reservoir volume falls below the threshold, the drought begins (onset date) and if the volume of the reservoir rises to the threshold, the drought event terminates. Duration is the length of days from the start to end date of the drought. The difference between accumulated volume thresholds below the threshold along the duration of the drought in unit volume is called the deficit volume (seen in Fig. 5) . 
HYDROLOGICAL DROUGHT INDEX
The hydrological drought index was calculated using the concept of water balance in the reservoir that is the relation between inflow, outflow, and change in storage at the same time. Inflow is the water in the reservoir that comes from the river and precipitation while outflow is the water in the reservoir that comes in the form of irrigation water coming out from the reservoir. The hydrological drought index is a deficit of the water volume of the reservoir under normal water reservoir conditions. 
Where RDI = reservoir drought index,
, V e = reservoir effective (m 3 )
RESULTS AND DISCUSSION
TESTING DATA HOMOGENEITY
Tests of data homogeneity were performed on daily reservoir volume data in the year of El-Nino. The F-test was conducted using Minitab-16 statistical software. It was found that all P-values less than α 0.05 indicated the homogeneity of data, as shown in Table 2 . 
FLUCTUATION OF RESERVOIR CAPACITY
The weak El-Nino events occurred in 1994, 2004, 2005, 2006, and 2007 . Although these events were classified as weak, they had a significant impact on the reservoir volume. A decrease in the reservoir storage occurs simultaneously and never reached the effective capacity over a long time period, as shown in Figure 6 . The largest decrease in the reservoir volume occurred in December at the value of 16.01•10 6 m 3 . The reservoir can still provide water because inflow from the river is still available. The weak El-Nino pattern showed a similar trend from every year. The reservoir volume is reduced extremely for only 4 months but does not interfere with the operation of the reservoir.
In the case of moderate El-Nino events (Fig 7) , the changes in reservoir volume are more extreme than in the weak El-Nino event. The extreme decrease is, more or less, between 120 th and 240 th day. After this period, the deficit is very serious. In this event, the volume of the reservoir is always below effective volume, although it does not exceed the minimum storage. The reservoir deficit volume from the effectiveness limit reaches 16.67•10 6 m 3 , thus almost every El-Nino event occurs. The pattern of occurrence of moderate El-Nino shows the same pattern both in terms of time and reduction of reservoir volume. It was also identified that moderate El-Nino were accrued 5 times, which is in 1991, 1992, 2002, 2003, and 2009 .
The strong El-Nino event occurred in the period of 1982-1983, 1997-1998, and 2015 . The impact of El-Nino has caused a very extreme deficit in reservoir volume. During the occurrence of El-Nino, the water volume of the reservoir is under the effective volume of the reservoir. In 1983 and 2015, the deficit of reservoirs reached the minimum reservoir or dead storage. The maximum deficit of the reservoir from the effective crater is 21•10 6 m 3 . The decreasing rate of the reservoir volume is quite high with a long period of 9 months (Fig. 8) . If the El-Nino occurs in the following years, it will impact the occurrence of drought and will affect the structure of the reservoir.
DECREASING OF DROUGHT LINE
The decrease in the reservoir volume was found to drastically decrease for the 6-9 months period. It may continue if El-Nino event occurs in the following year. The decrease in the reservoir volume at the time of El-Nino starts in March and ends in November. The decrease in reservoir volume at the most extreme El-Nino reaches 3.97•10 6 m 3 , almost reaching the dead storage and deficit average of 9.27•10 6 m 3 per day (Fig. 9) . The function of the water reservoir decrease is the relationship between the volumes of water capacity decrease (V d ) with the length of time the water reservoir decreases (t). Figure 10 shows that the average time of water increase is 2 months with a maximum volume of 21.06•10 6 m 3 and daily average is 7.61•10 6 m 3 . The increase in the reservoir volume can be attributed to the water coming from river flows and rainfall. This filling indicates that El-Ninoʼs event is beginning to end and the reservoir is beginning to fill. Refuelling of the reservoir water occurs slowly because the inflow is still small and the outflow is large. Achieving the effective recharge takes a long time and a big inflow. The function of the water reservoir increase is the relationship between the volumes of water capacity increase (V i ) with the length of time the water reservoir decreases (t). Figure 11 shows that the hydrological drought occurring in Batujai dam showed a pretty similar trend depended on the occurred of El-Nino. The water volume deficit varies depending on the El-Nino type. When El-Nino is very strong, drought index indicates very severe drought with long duration of time. The hydrological drought index reached −0.89 when the water level of the reservoir is 87.00 above the sea level (Tab. 3). The volume of the reservoir at that time is only 2.48•10 6 m 3 below the dead volume of the reservoir (3.1•10 6 m 3 ). Based on the drought index value, the criteria of drought hydrological index in Batujai dam are divided into 4 criteria [NOAA 2017] , which are weak, moderate, severe, and extreme. 
INCREASING OF DROUGHT LINE
HYDROLOGICAL DROUGHT INDEX
CONCLUSIONS
The change in reservoir volume can be directly related to the regions water resources condition. The use of reservoir volume as a tool for monitoring climate change is appropriate because the parameters used are very measurable. El-Nino events greatly affect the availability of water in the reservoir. The reservoir volume decreases significantly in comparison with the effective capacity, reaching the minimum capacity of 2.48 × 10 6 m 3 . The average decrease in the reservoir capacity takes very long, which is approximately between 120 th and 240 th days. The duration of drought can be very rapid and may last for almost nine months from February to November. The hydrological drought index reaches −0.89 when the reservoir water level is 87.00 above the sea water level. Based on the El-Nino criteria, the hydrological drought index with water reservoir consists of 4 types, which are weak (RDI from −0.46 to −0.01), moderate drought (RDI from −0.59 to −0.46), severe drought (RDI from −0.80 to −0.59), and extreme (RDI from −0.89 to −0.80). 
